Introduction
Cyclohexene long-chain saturated fatty esters were isolated in earlier studies from two species of Uvaria, U. dulcis and U. dac. 1, 2 These compounds exhibited cytotoxic activities. 2 Previous studies on U. cherrevensis, Annonaceae family, found various types of secondary metabolites, including alkaloids, cyclohexenes, flavonoids, naphthalene derivatives, and terpenoids. [3] [4] [5] [6] [7] [8] We report here the first isolation of cyclohexene (9Z)-octadec-9-enyl ethers, cherrevenols M-O (1-3), from the leaf extracts of U. cherrevensis. The application of 13 C NMR and Ozone Induced Dissociation (OzID) mass spectrometry were used to determine the (Z)
configuration and C-9 position of the olefinic moiety of the C-18 ether side chains, respectively.
The latter would otherwise be difficult to determine because of the lack of 2D NMR correlations due to overlapping of the side chain 1 H and 13 C NMR resonances. The isolated compounds were evaluated for their antimalarial and cytotoxic activities.
Results and discussion
The leaf extracts of U. cherrevensis were subjected to chromatographic separation techniques which led to the isolation and characterization of three new compounds, cherrevenols M-O (1-3), and a known compound, dulcisene A (4) ( Figure 1 ). (calcd. for C34H52O7Na, 595.3611). The UV spectrum exhibited a maximum absorption band at 207, 229, and 278 nm while the IR spectrum showed bands for hydroxy and carbonyl groups at 3454 and 1722 cm -1 , respectively. The 1 H NMR spectroscopic data of 1 (Table 1) was very similar to that of ellipeiopsol A (Figure 2 , see Supporting Information (Table S1 ) for details) previously isolated from this plant. 3 The main difference was the addition of resonances for an O-(Z)-octadec-9-enyl moiety. The diasterotopic oxymethylene protons CH2-1ʺ (δH 3.65 and 3.47) showed HMBC cross-peaks to C-6 (δC 75.9) and thus the 6-O-(Z)-octadec-9-enyl moiety was attached to the C-6 oxygen substituent. The position of the double bond in the C-18 side chain was determined by OzID mass spectrometry. 9, 10 In this experiment, the sodiated molecular ion (m/z 595.3605) was isolated in an ion trap and exposed to ozone for 4 seconds. This produced the ozonide intermediate configuration. 12 The relative configuration of 1 at C-2 and C-3 was assigned from the J2,3 value of 6.3 Hz which indicated that H-2 and H-3 had a trans 1,2-diaxial-like relationship. 8 The NOESY spectrum showed a correlation between the diasterotopic CH2-7 (δH 4.79 and 4.60) resonances and the resonance for H-2 (δH 4.04) and no correlations between H-6 (δH 3.94) and CH2-7 or between H-6 and H-2. This indicated that CH2-7 and H-2 were on the same face of the cyclohexene ring structure, while H-6 was on the opposite face of the ring to H-2 and CH2-7. When the proposed structure of 1 was generated computationally, [B3LYP/6-31G(d)] using the Gaussian 09 basis set.
( Figure 3) , the distance between H-2 and CH2-7 was calculated to be 2.58 Å, which correlated well with the experimental findings from the NOESY study. The specific rotation of 1 was of the same sign as that of cherrevenol J (Figure 2 ), which was also isolated from this plant, Therefore, 1 (cherrevenol M) was assigned as having the 1R,2R,3S,6R configuration. distance between these protons were 2.52 Å and 2.00 Å, respectively. In contrast, H-6 showed no NOESY correlations to CH2-7, indicating that these protons were on the opposite face of the ring structure. In addition, the coupling constant value between H-2 and H-3 was 3. Figure 5 . The OzID spectra from sodium adducts of 1-3 (a-c).
These polyoxygenated long-chain cyclohexene compounds (1-4) were examined for their antimalarial activities against P. falciparum strains ( TM4/ 8. 2 and K1CB1) and for cytotoxicity against human mouth epidermal carcinoma ( KB cells) and normal kidney epidermal cells of African green monkey (Vero cells). All compounds were inactive (IC50 >50 µM).
Conclusions
A phytochemical studied of the leaf extracts of U. cherrevensis led to the isolation and characterization of three new cyclohexene (9Z)-octadec-9-enyl ethers (1-3), and a previously reported compound (4). While long chain ester derivatives are known (e.g. 4), this is the first report of analogous ether derivatives. The structures of these compounds were characterized using spectroscopic techniques. Ozone Induced Dissociation (OzID) mass spectrometry proved critical in determining the double bond position of the octadec-9-enyl side chain. Importantly, ozonide formation was chemoselective for the less hindered side chain double bond. This method has been c b a successful in the determining the double bond position of natural fatty esters, 15, 16 but to the best of our knowledge, this is the first example of the application of OzID to naturally occurring long chain ethers.
Experimental Section

General
Optical 
Plant Material
The leaves of Uvaria cherrevensis were collected from Doi Suthep National Park, Chiang
Mai, Thailand in August 2015. This plant was identified by Dr. Tanawat Chaowasku, CMUB Herbarium, Chiang Mai University, Thailand, where a voucher specimen has been deposited (specimen no. T.Ritthiwigrom 5).
Extraction and isolation
The leaves of U. cherrevensis (1.30 kg) were extracted with MeOH (3 X 3 L) and the extracts were evaporated. The residue was extracted with acetone (500 mL) and concentrated to
give the crude acetone extract (126.8 g) as a dark brown gum. The extract was separated by Quick
Column Chromatography (QCC) using hexanes to acetone to MeOH to give ten fractions (1-10). 
Ozone Induced Dissociation (OzID) Mass Spectrometry
OzID was performed using a modified Thermo Fisher Scientific Orbitrap Fusion mass 
Computational Methods
The 3D structures generated were prepared with ChemDraw 17.0 and Avogadro: an opensource molecular builder and visualization tool, Version 1.2.0.61. 18 The Density Functional Theory (DFT) used to minimize the three-dimensional structures was calculated with B3LYP/6-31G(d) [19] [20] [21] using the Gaussian 09 basis set. 22 
Bioactivity assays
Antimalarial activity against Plasmodium falciparum TM4/8.2 (a wild type sensitive strain) and K1CB1 (multidrug resistant strain) was carried out as described in a previous report. 6 The cytotoxicity against normal Vero cells (kidney epithelial cells of African green monkey,
Cercopithecus aethiops) and KB cells (human mouth epidermal carcinoma cells) were also carried out as previously described. 6 
